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Purpose

•Establish key concepts

• Introduce a proposed definition

•Give one simple quantitative example
– Based on GIG Block 4 Scenario, NCOW Reference Model and UJTL
– Suitable for tools like Telelogic System Architect, OPNET, EADSIM
– Illustrating the key concepts and proposed definition

The need for an architecture-based approach to operations analysis has arisen from  
architecture-based systems engineering, which seeks to engineer systems at the 

system of systems and family of systems level*. 

*Using Architectures for Research, Development, and Acquisition by Dickerson, Soules, Sabins,  and Charles
Available via DTIC: (www.dtic.mil) AD Number ADA427961

http://www.dtic.mil/
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Definition of Terms
•Architecture is* 

the structure of components, their relationships, and the principles and guidelines 
governing their design and evolution over time.

• Integrated Architecture
has products whose constituent architecture data elements are such that the 
architecture data elements defined in one view are the same (i.e. the same names, 
definitions, and values) as the architecture data elements referenced in another.  

•Operations Analysis is**
“the application of scientific principles and quantitative methods in the analysis of 
complex real-world systems; to include the study of military problems undertaken to 
provide responsible commanders and staff agencies with a sound scientific basis for 
decision on actions to improve military operations”

•A capability***
is the ability to execute a specified course of action [sequence of activities].

*IEEE STD 610.12. In this briefing, the DoDAF 1.0 will be used as the DoD standard for architectures.
**Composite definition JP 1-02 and assorted government sources
***JP 1-02, DoD Dictionary of Terms
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Relation of Architecture to Operations

• The DoDAF OV-6c gives an 
architectural model of capability

– Integration of OV-6c with OV-2 
highlights interoperability

– Dependencies of capabilities on 
interoperability become traceable

• Operational nodes (OV-2) aggregate 
operational activities.

• Systems nodes (SV-1) aggregate 
systems functionality.

• The OV-6c supports concordance 
between M&S of capabilities and the 
assessment of interoperability. 

Architectural Model of an 
Operational Capability

Interoperability exists at the nodal level and enables operational capabilities.
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Operational Concept in an Integrated Architecture

• Enterprise level Operational Concept 
for the mission should

– Integrate OV-4 and OV-5 in context
– Highlight details of special interest

• Scenario events can be related to 
operational activities.

• This allows the OV-1 to be regarded as 
part of the data repository for the 
Integrated Architecture.

ERGM
LASM
TTLAM
ALAM
TACAIR

SOF

Threat
OBJECTIVE

JFMCC

JFACC

LPTF

TAOR

TAOR

JFMCC

STOM

   CJTF

SOF

STOM

LPA

FBE-I TCS OV-1

Phase lines

LPA

DoDAF Nomenclature
OV-1: High Level Operational Concept Graphic
OV-4: Organizational Relationships Chart
OV-5: Operational Activity Model

Frederick P. Brooks, The Mythical Man-Month, 1974 and 1995: 
“… the critical need [is] the preservation of the conceptual integrity of the product.”

Fleet Battle Experiment – India (FBE-I)
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Realizing Operational Capabilities
ConceptConcept ScenarioScenario

System & Network ArchitectureSystem & Network ArchitectureCapabilityCapability

ERGM
LASM
TTLAM
ALAM
TACAIR

SOF

Threat
OBJECTIVE

JFMCC

JFACC

LPTF

TAOR

TAOR

JFMCC

STOM

   CJTF

SOF

STOM

LPA

FBE-I TCS OV-1

Phase lines

LPA

An integrated architecture using a capability model as the reference model 
can provide the basis for operations analysis.
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Architecture-based Operations Analysis
Proposed Definition

*Using Architectures for Research, Development, and Acquisition, C.E. Dickerson, et al

Architecture-based operations analysis relates to an analysis of operations 
that can be used to demonstrate changes in operational capabilities that are 
attributable to changes in the integrated architecture, e.g. changes in:

Structure Relations
Rules Governance

Examples include: the creation or elimination of nodes, the interoperability between 
nodes, changes in technical standards, changes in C2, etc.

Architecture-based operations analysis should support the systems 
engineering of a Family of Systems (FoS)* to achieve specified capabilities through 
the individual operation and collective interoperation of the systems in the FoS.
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West-Central Sudan Scenario
Fleeting and Deceptive Target

Sudan

Theater assets tasked to locate WMD targets 
suspected to be operating in west-central Sudan
Expeditionary Strike Group, JSOTF embarked in Red Sea
Surveillance assets tasked with wide area observation

Sensor Capability: Global Hawk, Predator, MIUGS
Objective: hold a fleeting and deceptive WMD target at riskS
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West-Central Sudan Order of Battle

Thirteen Vehicles Assumed  in OpArea

• Two Scud TELs
• One SA-6 SAM 
• Three supply trucks
• Two ZSU-23-4 Anti-Aircraft  

systems
• Three civilian trucks
• Two military support vehicles

Red OOB
Threat Vehicles

Blue OOB
Theater Sensors

MIUGS Predator 
B

Global 
Hawk*

Altitude (km)

Sensor Range (km)

Probability of
Detection

Range Accuracy (m)

Azimuth Accuracy

Speed (m/s)

0

3

1.0
@ 500m

0.65
@ 3000m

100

100m

Emplaced

13

5

1.0
with

zoomed
FOV

10

10m

Enroute 60
Loiter 35

20

100*

0.9
@

100km

10

3 mrad

175

* MTI only
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Capability Model
F2T2EA

Key Performance Parameter: Track Time (Location with ID)
Primary KPP: Time in Continuous Track

Maximum track length (i.e. continuous) > 30 minutes
Classification ID Confidence > 0.9

Secondary KPP: Total Time in Track (i.e. with interruptions)
Requirement depends on weapons, scenario events, …

7

Conduct Combat
Assessment
Sim Type

Process

45

Target TST
Sim Type

Process

81

Track TST
Sim Type

Process

80

Fix TST
Sim Type

Process

46

Engage TST
Sim Type

Process
8

Close Threat
Sim Type

Result

1

Find TST
Sim Type

Process

2

Threat Detected
Sim Type

Event O O

X
TST Lost?

X

Target Effect
Achieved?

Confirmed and
Tracked TST

Confirmed
TST

Probable
TST yesTargeted

TST

no

no

Engaged
TST

Nominated
TST

Potential
TST

yes

S erv ice

JSOTF/FOB

Net Centric Information Domain

S OF Unit

Intelligence Processing Systems Assessment Support SystemsISR Assets

Intelligence CycleIntelligence Cycle

G4-13

JSOAC Conc urrently Monitors  - Ass es ses  Ai r Spt Needs

G4-3

Sensor Information Automat ical ly Pub lished To Grid

7.5

Perform Data Fusion of Real-
Time Processed Data
Sim Type

Process

7.11

Task Intelligence
Collection and Production
Assets
Sim Type

Process

7.15

Collect Theater and
Tactical ISR (System C)
Sim Type

Process

7.13

Collect Theater and
Tactical ISR (System A)
Sim Type

Process

7.14

Collect Theater and
Tactical ISR (System B)
Sim Type

Process

7.12

Collect Theater and
Tactical ISR (SOF)
Sim Type

Process

7.6

Cr eate NRT
Intelligence Products
Sim Type

Process

7.51

Publish Munitions
Effectiveness Results
Sim Type

Process

7.49

System Function I
Sim Type

Process

7.19

Publish Fused ISR
Data
Sim Type

Process

7.47

Formulate Reattack
Requirement
Sim Type

Process

7.7

Disseminate ISR
Information
Sim Type

Process

7.42

Publish ISR Data
Sim Type

Process

7.36

Publish ISR
Information
Sim Type

Process

7.43

Subscribe ISR Data
Sim Type

Process

7.44

Receive BDA
Request
Sim Type

Event

7.34

System Function C
Sim Type

Process

7.46

Assess Munitions
Effectiveness
Sim Type

Process

7.48

System Function H
Sim Type

Process

7.52

Conclude Combat
Assessment
Sim Type
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7.33

System Function B
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Process

7.35

System Function D
Sim Type

Process

7.45

Assess Battle
Damage
Sim Type

Process

7.50

Publish BDA Results
Sim Type

Process

7.4

Perform Multi-Int
Exploitation
Sim Type

Process

7.32

System Function A
Sim Type

Process

&

X

Additional ISR Req'd?

O

O

O

X

O

xx
Need
xx

Purpose
xx
Scope
xx

Not part of GIG Block 4 scenario,
however, would be realistic

no

yes

JSOTF/FOB

System

1.53

T ransform Intell igenc e
Informati on
Sim T yp

Proc es s

1.54

Perform Integration of
ISR Information
Sim T yp

Proc es s

1.55

Evaluate ISR
Informati on
Sim T yp

Proc es s

1.46

Rec eive Detected
T hreat
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Event
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Perform Sens or
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Execute Collection
Operation
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Planning
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Proc es s

1.52

Exploi t ISR Data
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Proc es s

1.51

Correlate ISR Data
Sim T yp

Proc es s

1.66

Disc arded Target
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Res ult

1.65

Unknown T arget
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Res ult

1.64

Non-T ST
Sim T yp

Res ult

1.63

Probable T ST
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X
J 44

X
J 40

O

&&&

MIUGS

L210

JSOTF/FOB

Net Centric Information Domain

SOF Unit

System

Intelligence Process ing Sys tems

ISR Assets

Intelligence CycleIntelligence Cycle

UGS

1.5

Perfo rm Data Fu sion of Real-
Time Processed Data
Sim Type

Process

G4-13

JSOAC Concurrently Monitors -
Assesses Air Spt Needs

G4-14

J2/JISE and UN Wpns Insp Tm Verify Town #1 MLs
are Nuclear and Moving to launch Position in Town #1

G4-7

SOF/ODA SR Detects Possible WMD Indicators (Large
Force/Spec Purpose Personnel)/Publishes Information

G4-8

JSOTF J2/J3 Immediately Aware
of  WMD Suspicions via Grid

G4-12

J2/JISE Init iate Collaboration - Tms #1& #2 & UN Wpns
Insp Tm to Determine WMD Threat  (RT UAV/Still Imagery)

1.1 1

Task  Intelligence
Co lle ction and Production
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Sim Type

Process

1.15
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ISR (Sy stem C)
Sim Type
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Collect Theater and
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Process
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Collect Theater and
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JSOFT/FOB Directs SOF/ODA to

"Split Team Ops" - Town #1/Town #2
To Destroy MLs

1.23

Determine Target Ty pe
Sim Type

Process

1.4 4

Perfo rm Multi-Int
Exploitation
Sim Type

Process

1.9

Publish  Senso r Data
Sim Type

Proces s

1.6

Create NRT
Intellige nce Prod ucts
Sim Type

Proces s

1.3 0

Publish Fused ISR
Da ta
Sim Type

Proc ess

G4-9

UGS In New Area Detect MLs
vicinity of Town #2

1.7

Disseminate ISR
Informa tion
Sim Type
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G4-5
JSOTF Employs SOF/ODA To

Conduct  Direct  Action (DA)
To Locate/Destroy MLs

G4-4

JSOTF J2/J3 Auto Receive
Sensor Info via Grid

1.31

Pu blish ISR
Information
Sim Type

Process

G4-2

2 MLs Detected vicinity of
Town #1 via UGS

1.29

Subscr ib e ISR  Data
Sim Type
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G4-10

CENTCOM/JSOTF/SOF-ODA Receive
Immediate Sensor Info on Town #2 via Grid

1.28

Publish  ISR Data
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Sensor Information Automatically
Published To Grid

G4-3

1.32

System Function A
Sim Type

Process

1.34
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Process
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System Function B
Sim Type
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Process

1.26

Discard Target
Sim Type

Result

1.25

Unknown Target
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Process

1.24

Non-TST
Sim Type

Result
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Probable TST
Sim Type

Result

1.8

Detec t Thre at
Sim Type

Ev ent

G4-1

UGS Deployed Near Likely
Missile Launcher (ML) routes

O

O

X

O

O

X

X

xx
Need
xx
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xx
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Not part of  GIG Block 4 scenario,
howev er, would be realis tic

Find Fix Track
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Operational Concept (ref: GIG Block 4 SWA)
Fleeting and Deceptive Target

Sudan

Joint  Special Operations Area

SACC/JIC
(CRM/COM)

JSOTF

SOF
AV-8B Strike

National Assets
(Reach Back)

National Assets
(Reach Back)

• Vehicles detected by MIUGS [Cue]
• Vehicles acquired by MTI sensor [Find]
• EO Sensor re-tasked to establish ID [Fix]
• Target location updated/ID maintained [Track] 

The architectural change analyzed will be the The architectural change analyzed will be the 

creation of a new node for sensor fusion.creation of a new node for sensor fusion.

http://64.78.14.108/ts/2438.gif
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Global Hawk

(MTI)

Predator

(Video)

Ground Station B

SACC

LHA/LHD

MIUGS

(Acoustic, Seismic)

Ground Station A

Fusion Node

Fusion Node

Theater 
SATCOM/LOS

Theater SATCOM

CDL
CDL

CDL  Common Data Link

LOS  Line of Sight

Reach Back

Theater SATCOM

JIC

Fusion Node

Task

Data
Task

Data

Sensor Fusion Node Description
External View of the Node (Relation to the C3ISR Architecture)

http://images.google.com/imgres?imgurl=http://www.thaitechnics.com/aircraft/tg2/uav_gnd_station.jpg&imgrefurl=http://www.thaitechnics.com/aircraft/uav.html&h=200&w=297&sz=14&tbnid=6evZONNC4IgJ:&tbnh=74&tbnw=111&hl=en&start=4&prev=/images%3Fq%3Dground%2Bcontrol%2Bstation%2Buav%26hl%3Den%26lr%3D
http://64.78.14.108/ts/2438.gif
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* UHF SATCOM was the lowest throughput node in the 
C3ISR architecture (providing 16-20 2.4 kbps channels).

C3ISR Architecture Supports Sensor Fusion
Increased Track throughput peaks at only 20-30% of one channel*

MIUGS-Global Hawk-Predator (736bps peak)

OPNET modeling provides communications loading 
estimates and preliminary validation of interoperability
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Sensor Fusion Node Description
Internal View of the Node

Pattern
Analysis

Visualization

Sensors Sensor
Tasks

Tracks, 
Info

Needs

Alerts,
Info

Needs

External
Track

Sources

Fusion Node

All Source
Fuser

Trackers

Acoustic

MTI

Video

Tracks,
Info

Needs
Sensor

Data

Sensor
Task

Generation

BAE-AIT Fusion Performance Model Predicts 
Fusion Node Performance

Cue ID Track

Acoustic   +     - +/-

MTI            +     - +/-

Video         - +     +
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East-Central Sudan

20km

14km

100km

OpArea

Global Hawk Orbit

Predator Route
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Global Hawk, MIUGS & 
Predator Scenario



TEL Hide Site

TEL Reload Site

Primary roads

Secondary roads

TEL Launch Site
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500m,   
Pd = 1.0

3000m,   
Pd = 0.65

MIUGS 
Acoustic/Seismic 
detection ranges

TEL Hide 
SiteS
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Emplaced 
MIUGS 
field



TEL Engine 
Start

MIUGS 
Detection 
Range

MIUGS Detection
Elapsed Time: 11 sec
MIUGS Initial Detection Report
Elapsed Time: 21 sec
MIUGS Fix TEL 
Positions and Report
Elapsed Time: 59.2 sec
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60/0

15
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45  



TELs Emerge 
from Hide

Mission Time 
(min)

60/0

15

30

45  

TELs Emerge after 
Engine Start
Elapsed Time: 225 sec

Periodic MIUGS 
updates 

(30 sec intervals)

Initial Global Hawk 
Detection of TELs
Elapsed Time: 300.8 sec

TELs in GH & MIUGS track
Elapsed Time: 353 sec
TELs in GH & MIUGS track
Elapsed Time: 481 sec
TELs in GH & MIUGS track
Elapsed Time: 609 sec

TELs in GH & MIUGS track
Elapsed Time: 737 sec
Predator tasked to 
collect TEL data

TELs out of MIUGS 
Detection Range
Elapsed Time: 966 sec
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Mission Time 
(min)

60/0

15

30

45  TELs in Global Hawk Track
Elapsed Time:  1094 sec
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TELs stop.  Rendezvous with Supply Vehicles.
Elapsed Time:  1334 sec
Global Hawk MTI loses track

Predator B
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Predator locates TELs and reports

Mission Time 
(min)

60/0

15

30

45  
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Predator Video 
Elapsed Time:  1380 sec

Mission Time 
(min)

60/0

15

30

45  

Predator orbit 
commanded 

from Ship
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TELs move to launch site
Elapsed Time:  1980 sec

Global Hawk re-establishes track

Predator Video

Mission Time 
(min)

60/0

15

30

45  
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(min)
60/0

15

30

45  Global Hawk and Predator maintain track
Elapsed Time:  2440 sec 
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TELs at launch site
Elapsed Time:  2900 sec

Predator Video

Mission Time 
(min)

60/0

15

30

45  
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60/0

15

30

45  
TELs depart launch site
Elapsed Time:  3120 sec 

Predator Video
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45  
TELs arrive at hide site
Elapsed Time:  3353.9 sec 
Predator and Global Hawk 
tracking ceases
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Measures of Performance*

Time to Fix (min)

Time to Find (min)

Total Time in Track (min)

Maximum Track length

Time of first ID Declaration

ID Confidence

Tracking Accuracy (m)

Track Length following ID

0.7

1.0

15.9

9.2

-

-

-

56.0

5.3

5.6

35.1

9.2

-

-

-

8.3

0.5

0.8

42.2 

9.4 

-

-

-

8.3

5.3

5.7

44.3 

16.5

16.5

22.7

0.99

6.4

MIUGS 
Only

Global Hawk 
Only

MIUGS & 
Global Hawk

Global Hawk
& Predator

0.7

0.9

50.2

15.5

15.3

20.4

0.96

6.4

MIUGS,
Global Hawk 
& Predator

Primary – Maximum Track Length
– Classification ID Confidence

Secondary – Total Time in Track

* Statistical average of two TELs

Key Performance 
Parameters (KPPs):
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Conclusions
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For the sensors and GIG scenario analyzed,
Fusion allowed the sensor architecture to support the 

operational objective for the secondary KPP (i.e. to hold a 
fleeting and deceptive target at risk with interrupted track)

The operational objective was not met for the primary KPP

Aggregation of the minimal functionality needed was 
achieved by creating a new systems node for sensor fusion

The new node was supportable within the existing C3ISR 
architecture

An Integrated Architecture can provide the basis 
For the analysis of operations and capabilities

To attribute changes in operational capabilities that are 
caused by changes in the architecture 
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Architecture-based
Operations Analysis

You have now seen the You have now seen the 
tip of the iceberg …tip of the iceberg …

In a new area of In a new area of 
operations analysis!operations analysis!
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BACKUP
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Time in Track 
(No ID)

MIUGS,
Global Hawk,

and
Predator EO

(Closed-Loop)

Global Hawk
and

Predator EO
(Closed-Loop)

MIUGS
And

Global Hawk
(Open-Loop)

Global Hawk
(Open-Loop)

MIUGS
(Open-Loop)

43.72

2.18

22.93
17.23

12.31

4.82

3.47
6.24

5.42

15.90

35.12
42.17

16.44

19.71

27.87 30.54

7.20

1.07

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Find, Fix and Track (F2T) Phase Duration 
for High Value Targets

Sensor Complement

Pe
rc

en
t o

f T
ot

al
 T

im
e

Out of 
Coverage

Time to Find

Time to Fix

Time in Track 
(ID Confidence 
90% or greater)
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UHF SATCOM link usage (16-20 2.4kbps channels)

MIUGS Only (376bps peak)

MIUGS-GH-Predator (736bps peak)

MIUGS-GH (736bps peak)Predator-GH (640bps peak)

Global Hawk Only (456bps peak)
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Fusion Related Definitions

• Open-Loop
– Open loop tasking involves a sensor constellation performing its

collection plan as predetermined during the planning phase of the 
mission. 

• Closed-Loop
– Closed loop tasking involves changing a sensor constellation’s 

collection plan in near real time to focus collection assets on objects of 
interest as they are discovered by the constellation. 
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Fusion Related Acronyms

• BAE-AIT
– BAE Advanced Information Technologies, Burlington, MA, USA

• ATIF
– BAE AIT All-source Track and ID Fuser

• FPM
– BAE AIT Fusion Performance Model
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